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SECTION I 


INTRODUCTION 


The Phase 1 activities were defined by the Statement of Work. 
A condensed version of the Phase 1 SOW follows: 


Phase 1: Technical Assessment 

The contractor shall conduct a thorough literature 
search and carry out an intense technical assessment of 
the latest concepts in science and engineering that 
show promise of leading to a major advance in available 
energy sources for space power and propulsion in the 
next century. In general, the contractor shall study 
any physical concept that might derive energy from the 
space environment, as well as any unconventional 
methods of storing energy in a compact form that may 
have applicability to space power and propulsion. The 
best of these shall be investigated in Phase 2. 


A literature search combined with a large number of personal 
contacts with people involved in the field of advanced 
propulsion insured that as many new concepts as possible were 
uncovered. Although some time was spent on detailed analysis 
when the concept warranted it, most of the activities in 
Phase 1 were of the data collection type rather than data 
analysis. 








SECTION II 


PHASE 1 ACTIVITIES 


The ten weeks of the Phase 1 technical effort involved writing 
71 letters, taking 7 trips, interviewing 62 people, visiting 
17 facilities, giving 7 lectures to a total of 350 people, and 
reading uncounted numbers of reports, papers, and other 
documents. This effort resulted in the uncovering of 
62 propulsion energy concepts, of which 26 were well defined 
enough to allow a technical assessment. A list of the 
62 propulsion energy concepts uncovered plus the results of 
the 26 technical assessments are given in the Appendix. The 
facilities visited and the individuals interviewed are given 
below. 


FACILITIES 

The following facilities were visited during Phase 1 of this 
contract: 

Princeton Engineering Department 
Institute for Advanced Study, Princeton 
Princeton Physics Department 
MIT Physics Department 
Jet Propulsion Laboratory 
Lawrence Livermore Laboratory 
f Hughes Research Laboratories 

Rockwell Space Systems Division 
R&D Associates 

United Technology Research Center 
G-T Devices 
BDM Corporation 

Air Force Office of Scientific Research 
NASA/Lewis Research Center 
Fermi National Accelerator Laboratory 
California Institute of Technology 
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INTERVIEWS 


The following people were interviewed during Phase 1 of the 
contract. The subjects discussed are listed after the name of 
the individual. 

Dean George Mueller, Princeton - plasma propulsion 
Prof. Arnold Kelley, Princeton - MPD thrusters 

- charged particle radiators 

- multineedle field emitter 
Freeman Dyson, Inst. Adv. Study - microwave sails 

- monopole catalysis 

- laser pushed lightsails 

- relativistic pellet beam 

Prof. William Happer, Princeton - spin polarized atomic hydrogen 

- "black" potassium ion beams 
Dean Robert Jahn, Princeton - MPD thrusters 

- psychokinetics (PK) 

Dr. Eugene F. Mallove - advanced propulsion library 

- solar sails 

- rotary catapult launcher 

- mechanical scissors launcher 
Dr. Gregory Matloff - solar sails 

- perforated sails 

Dr. Philip K. Chapman, MIT, ADL - rotating tethers 
Prof. Daniel Kleppner, MIT - spin-polarized atomic hydrogen 
Dr. K. Eric Drexler, MIT - lightweight solar sails 
Keith Henson, Analog Prec. - solar sails 

- dust-filled radiators 

Dr. Philip Garrison, JPL - advanced propulsion 
Dr. Robert Frisbee, JPL - advanced propulsion 
Dr. Jonas Zmuidzinas, JPL - metastable helium 
Dr. Paul Massier, JPL - antimatter propulsion 
Dr. Duane Dipprey, JPL - antimatter propulsion 
Dr. Giulio Varsi, JPL - solar sails 
Dr. William Carroll, JPL - solar sails 

Dr. Duncan Steel, Hughes - laser cooling of neutral beams 

- Lyman alpha laser 

Dr. A. Jay Palmer, Hughes - laser cooling of neutral beams 

- solar sustained plasmas 
Dr. Thomas O'Meara, Hughes - lightweight lenses 

- coherent optical adaptive techniques 
Dr. Lowell Wood, LLL - x-ray lasers 

- micropellet fusion rockets 
Dr. Roderick Hyde, LLL - dynamic towers 

- micropellet fusion rockets 
Dr. David Morgan, LLL - antimatter propulsion 
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Dr. George Chapline, LLL - antimatter production 
Dr. Alan Holt, JSC - hyperfield resonance drive 
Gary Hudson, GCH - chemically initiated fusion 
Keith Lofstrom - launch loop 

Dr. Eric Jones, LANL - interstellar propulsion 
G. Harry Stine - inertialess drives (Dean drive) 

Anita Gale, Rockwell - advanced propulsion 
Dr. Myron Tapper, Rockwell - metastable helium 
Robert Budica, Rockwell - advanced propulsion 
Martin Willinski, R&D Assoc. - advanced propulsion 

- beamed microwave power 

- fission fragment rocket 
Dr. Leik Myrabo, BDM - laser propulsion 

Dr. Benjamin Adelman, science writer - advanced propulsion 

Dr. David Brin, UCSD - tether power and propulsion systems 

Prof. Gregory Benford, UCI - antimatter production 

Ron Oglevie, Rockwell - flywheel energy storage 

Ronald Newlon, Martin-Marietta - cryogenic oscillator 

Dr. Brice Cassenti, UTRC - antimatter propulsion 

A. E. Mensing, UTRC - nuclear lightbulb engine 

Michael Fowler, UTRC - laser thermal propulsion 

Dr. Jerry Meltz, UTRC - lasing the ionosphere 

Dr. Derek Tidman, GT-Devices - plasma pushed railguns 

Dr. S. A. Goldstein, GT-Devices - impact fusion 

Dr. Leonard Caveny, AFOSR - advanced propulsion 

James Muncy, Congressional Staff - advanced propulsion 

Morris Hornik, SSI - mass drivers 

Dr. S. Nakanishi, NASA/LRC - microwave free-radical thruster 

William Kerslake, NASA/LeRC - rail accelerators 

Dr. George Zweig, LANL - quark catalyzed fusion 

Dr. Vernon Sandberg, LANL - advanced propulsion 

Dr. Peter Gram, LANL - muon catalyzed fusion 

Dr. David Buden, LANL - nuclear reactor propulsion 

- high temperature prime power engines 

- high temperature radiators 
Fred Sparber - oscillating proton reactionless drive 

- stimulated K capture 

- electron excited nuclear radioactivity 
Dr. James MacLachlan, Fermilab - antiproton beam cooling 

- lithium lens focusing 

Dr. Carlos Hojvat, Fermilab - antiproton production 
Lt. Col. Roger Dekok, AF Hdq - space weapons 
Capt. Stan Rosen, USAF - advanced propulsion 
Robert Salkeld, SDC Consultant - advanced propulsion 
William Stump, Eagle Engineering - advanced propulsion 










SECTION III 


CONCLUSIONS 


Of the 26 concepts that received technical assessment in 
Phase 1, we recommended that four be considered for more 
detailed study in Phase 2. The concepts recommended were solid 
metastable helium, solar pumped plasmas, perforated solar 
sails, and antiproton annihilation propulsion. Of these, the 
Air Force selected two concepts to receive the major portion of 
the Phase 2 effort, solar pumped plasmas and antiproton 
annihilation. As time permits, studies are to also continue on 
free radical hydrogen, quantum dynamic energy, and ionospheric 
lasing. 

The activities in Phase 2 will be governed by the Statement of 
Work. A condensed version of the Phase 2 SOW follows: 


Phase 2: Concept Definition 

The contractor shall identify the problems that still 
exist in making the selected concepts feasible, and 
identify the people or groups of people that can best 
analyze and propose solutions for those remaining 
problems. The contractor shall then assemble that team 
of investigators,to attack the remaining problems in 
the selected technologies and put together a program 
plan that will be proposed to the Air Force Rocket 
Propulsion Laboratory. This program plan will outline 
the steps required for full development of the selected 
concepts. 
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Helium IV is the name given by Dr. Zmuidzinas to a solid consisting of excited 
metastable helium molecules or atoms. The theory on which the existence of 
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ESTIMATES ON He IV 



He IV CLASSICAL SOLID WITH 
MELTING TEMPERATURE ~ 600 K 
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2. "LITA", (proprietary document [1977?]), G. Meltz, United Technology 
Research Center, East Hartford, Conn 06108. 
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ENERGY SOURCE SEPARATE FROM REACTION MASS 
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LASER ELECTRIC PROPULSION I HUGHES 


















MICROWAVE THRUSTERS 
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BEAMED MICROWAVE THRUSTERS 



CAN REACH 30 m COLLECTOR AT 400 km (LEO) 
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MAINTAIN RELFECTIVITY WHILE REDUCING MASS 
MAY HAVE LOW DRAG IN MOLECULAR FLOW REGION 









TJ C 03 

•r4 -H <U 
r-l iH 
0-0 
M 03 r; 
d) 

r 

0 ra 
.. •n -H 

-S ' 3 > 

2 u j-. 

e « m 

01 

X 


<o 
'O 
<” m 


- X U dl 03 dl C 
P -H (0 X -H £ Id 

r-l 4J t> 

S d'nH n 
5 C tQ H -H X X 
<0 .h -H flj Id (0 

“-Q.5 " 2 i x 

. « T> dl « “ 

x: 4j <u x H ® 


x> >,x •£ s 

XI 03 2 

C .j y w 

g 

.S«|3° 

4-1 c X! 04 ‘ H 03 
. O O P *» - X rH 
03 -H <0 ^ d 

< U d>4Jr-MM Vl ,'0« 

> 'O ® O O o M 


O •>- dl 

x g u 

tit 

IQ ui 


3 

d> O 1 
XI 


in <o • H 03 

■* e T3 u _ O' TI 
5 6 ns (o 2».rt <u 

O 03 Id r- 4 J 

P d> 4-1 O P HJ 

f' U 0 )Oe' 1 Ox)V J 

id o 


u T3 
O «J 
O 


(0 


>. * 


„ dJ 
d) 'O 
a 2 


«ti *p 

> •£ o 

2-S’- h 

o®5.g2fc4-"« 
*2 5 o^5 -g d> 5 

e C 3 JB ^ -■ 


X o ^ <i> c oj -c „ -o 
u4J _j 2. dl X r» X *8 jj 


> !—I 'O 4J _ - ^ 

10 4-1 C 2 5 

s <u -H 4J o ® 

O u * O 3 S 

TJ 


d) 


x 

43» 

•H 

XI 10 
p 


i-i -o « <0 p Ss 

O'a'Ox:<i>flj r 0 ®gO^ 
•H ft C iJ M n UJ 
e ^ ^ ^ - -r _ <D . 


0 10 ? O C 0 Tl O’rH ’O 
O' C p. <0 P Xj 0* -■ fl> 

* 

m £ rt x> 

o 

o 03 


« d) -H > ^ u 

S^sSSS 

O ^ 03 r-l 

c ** d) ® 01 « 
9 ® X O 2 

o * y X) 04 S 
C «> 3 03 

JC *0 *0 C ® 

P 2 (0 X 03 

O *x_ 5 


3> 
§ » 5 2 

Ow® 

id <H 0) 
<jj 14 
4-1 Si 

o ij xj o 

<0 XI 


«J 4-1 


w -C 

_ 4J T3 ^ 
CO rH ^ 
■H *3 u 3 O 


03 


, dJ O 

r* ** «h x 
• ■ 2 ® 1-1 03 *2 

x» <o (0 *> 

4J d> u g 4J -H 

H e o 03 -H > 



4J «H 

X 

X 

id 

3 

O 

M 

X 

0 

i-H 


X 

dl 

dl C 



i—1 

O' o 

. 

c 

0 

c 

e 

id 

E 

id >i 

3 

X 


P r-l 

P 

X 

dl 

X 

X 


X 

p id 

o 

03 

X 

dl X 

d> 

03 


a o 

O' 

dl 

c 

Qj P 

03 

iH 

•H 

3 a 


TJ 0 03 03 U T3 
d) 4J O' >i d) d) 
03 C <0 X N 
3 C -H t-i +3 *H 

1,3 O’ d> <U 

»oi5.^ 
:|3x e ■' 

2 ^ &s 


€ 

03 -H 
o 03 

a, 01^3 a x: 
o 5 d) «J -U 
■ J dj 03 -H 
« 3«« » 

u 0 

o o >o *o o 1 
4 j -u ai £ d> c 

Tj 03 10 03 -H 

s,5§» = " 




O' 

03 


(0 


._ „ -p d) 
C-HU »g 
•H -H m 

x: •£ . dj 

-P <0 03 p . 

_ O' — 

™ fl 4J J) C 3 

O O' > -H cr 

2 C-H o 03 

•* d) d) 4J (0 

°XH-H £X <0 
g +J <u 03 10 

> C <u 

O 'O ® ® C o 

■p « » “ o 3 

jj O ^ fri 

^ (0 t| ^ 2 O 

u •£ 2 -H u 

03 

C c T3 

O 4 - H O H 

E «J 3 

d3 >H 'O O O 

X! O H 3- 1 J 

■ ■ 03 a ' 

d) >1 > 9 ^ *3 

^ O d) ° ® 

•P 10 H S -H 

_. d; g; JC 03 

~ p J3 ro 4J d) 

*P i—| -H u 

4J ® P C ^ 

m -H 0) 0) 

. . d) <u dJ 03 > 

Z > > X XI .h 

X 10 03 4J . 

»s ,0 m ® 

03 rQ 04 2. d) 

C (0 

O d) d) 


o 

X) 

<0 

p 

o 

X 

<0 


d ^ a< 

, in 


di 


1 

d) o 
c X 


X 

03 

d) 03 

3 E - « 

2 1 2 U h m 

•H J , H nj 3 

c x g o 1 

x: uj 03 

O C r-l > 

dl O • (T3 44 X o 1 

&4 -H O X 0 x> 03 


OJ 

id 3 


Recommendation: Little is known about the optical properties of thin films 
containing structures such as holes and posts. Even less is known about their 
thermal properties. It is recommended that more research be done in these 
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MICROSTRUCTURES ON BACKSIDE TO IMPROVE EMISSIVITY * 

(A STACK OF SHINY RAZOR BLADES LOOKS BLACK FROM EDGE-ON) 
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PERFORATED SOLAR SAILS 
SUGGESTED RESEARCH PROGRAMS 
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The concept of pushing a lightsail with a laser was invented the year that the 
first laser was demonstrated. The basic formula that determines the 
acceleration a of a sail of mass m for a given incident power P is 
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WOULD BENEFIT FROM PERFORATED SAIL RESEARCH 










MICROWAVE SAILS 
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Another exotic concept that was uncovered in Phase 1 was the idea of dynamic 
structures. It is known that the compressional strength of materials is not 
strong enough to build a tower into space, and that the tensile strength of 
materials is not strong enough to drop a skyhook down from geostationary 
orbit. By using dynamic structures, where energy and momentum is transferred 
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Recommendation: These concepts should not be neglected 
community, but the problems to be solved are usually engint 
money problems, and are not recommended for study in Phase 
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The original Orion concept obtained propulsion by dropping small fission bombs 
out the back of the rocket where they were exploded behind a "pusher plate" to 
obtain thrust. The Orion concept was/is technically feasible, but 
environmentally undesirable and politically unthinkable. The solution is to 
switch to "clean" micropellet fusion bombs. 
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LIGHTWEIGHT IMPLOSION METHOD 











C 4J x> >1 
•h a) a) -Q 

JC 44 

xj o o XJ 
(U o 0) ^ 
^ iu< G 

<0 «H W 

^ >o o 

44 4-1 

W W O 
C o a> 
0 c -< 
e -h n 
4Vh n 
XJ cfl uj o 

c c c 
C CT> O 
oj-h-h o 

■° *0 « 

tj a£, 

2 ?* * 


>i 41 C 4) O' 4) O *■ 

<hx:ox:cx:wm 

rH 44 -H 4 J . H 44 rH s 

<0 W 4J (Q <D 

•h g o Si n w 4J 

* U ft-H 5 m o, >1 

oj'wgSc 3 -^ 10 

18 « 2 * 8 £ 4> & 

-a2 o * 

a) T. -h w <u -h 

c .h e m a a> h 

•H|U •—• 3 m XC -H 

cr <u Oj w 2 E-i x 
« r , £ g 3 

ij D iQ 

-h ^ j. oj n . 

• H 44 - ft J3 44 ,n 


w i_, a> 
nj <u u 

•c 0) 3 

C 4J 

C -H (0 

O CJl-H 

M c C 

“ 4> -H 


44^ « O' 

o> * c 
,_i H OU-H 
H ™ ° U 
gj 4-1 u (0 

a D -U 'w 
0*0 O 
u to aj 
oj-rtfi 

•rl > 4-1 

e <o aj 
■c w c 


in 6 4 J t; t, W - 

<u c 0 ,U 3 4J m 

J jio^ C HO 

2 e ojC'w'O^J u 

CO s a‘ H 

““•Sis' 

^ o o -5 5, u - 

e 3 « 22 * 3 2 

« o « ^ « 

U£ Gjj : , 3 « 
O' M 2 n 2 ^ « 
<o » (0 “ >c e rH 

n H ,H 01 e n 

•O 2 & fl. <0 O oj 

O 2 04 0"« X3 


a> S o 

« 2 44 ® 
H A <0 cj 
M X3 ^ 
£ 04J 
O'- 0 • 

3 «J ® 44 
O rH c tn 
x: -<h 3 

+j oj cn u 

H£ C£ 

< 44 4) 4J 


+4 dj 44 X! 0 ) £ 

> jj 0 ) >*H 44 T3 ^ 
ffl g O ® ° |/i qj 

S^cg-SS 

■* T3 - H O O' 4 J 4J 

^ a'O ( 11 ^ 111 5 2 

!j -h m a e 

Oil c T 1 <P Ssi *H 

44 in -C >i c ''■4 ® 

4) ^rl 1) O H ® 

C to C x: 44 , 

O' 3 c O 44 44 {503 

2 0 -S ^ o<s> 

u nJ o +J 5 tfl 2 

O' 10 r C a 44 rn «3 

C>o <0 T3 g -H 

•H fj 44 X 15 'O 

44 <D ° <U '44 Z fl 
OX*j Oi'C u 44 41 
3HffliO H »nX 
'O U 0-1 <U iH Oi 0 ) 
C -H -iH -H Q -H Du 

8^5^ 8*4 SI O. 

2 ,'^ ” ^ -H ° 2 m ** 

32-3 .44 2§-SS 

W#()4J#a)Ug£ 

E C C C44h 
0 E 0 -h D'O'S 010 
>>i>O , 0'0tt)CC 
*4 # u a G G c H I« 


w 0 a> <u <u 

to > x: si x: 

J 44 44 4J 44 
44 O 6 T3 WH 

•H 44 O C O 

4/ nj 

- ai 44 44 

44 h „ m 
o jQ ’O 4 J 3 
(0 ffl 4) 3 u 

44 O 1-1 n 44 
S 0) -H Oj q 
n U -C C 44 

° aw g 

2 oj <u S 
•C jq ua w 0 
44 o ‘ H 

o,2 

0 ffO X J 

rH'd ° O > 

« e £°o 

?CS““ 


A 44 O 
« J 3 
Oi-H jC -C ^ 

C 44 44 44 

' H O U 
UCW® 

D O' 41 ™ m 

•a <o »h . x: 

E 'Z 44 

XI 3 H 

<0 cn O' n 03 

JC JIJJ 
•H M ^ 

0 ) 4J HI ® 

KUGflO 
o 3 <u 0 

p XJ 44 V4 V4 

r, C W 4) <U 

3 O >tX! > 

O U 01 JJ 0 . 

2 »H o 4> 

H > 1 H 

J 0,-H 4) 44 N 

S» 8 £^S 

c O 0 g S C 

l^°u^ 

> .5 ih 4 ) a 

•0 nJ 4) Xi «J 

j w x: 31 cji -c 

O -H 41 

4 J 41 4J H J >1 

* -C 5 * o>«{ 

■H H ' H M n 'O 

W m *J C 3 

•H T3 2 in u 

>0; » OTJ o 

C « « 

(0 HI rH -X 4J 41 

nj -iH U -h u 

C 41 O *0 X 0 

hH UX in E 























Magnetic monopoles are hypothetical particles that have only one magnetic 
pole, either north or south, not both as magnets do. They were first 
predicted by Dirac to explain the quantization of charge. Later theories not 
only predict their existence but also predict they are extremely heavy. A 
very recent, very complete bibliography 1 was uncovered in the Phase 1 survey. 
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First Results from a Superconductive Detector for Moving Magnetic 
poles". Bias Cabrera, Phys. Rev. Let. 48, 1378 (17 May 1982). 









Search continuing at Stanford and elsewhere 










Fractionally charged particles and quarks are hypothetical particles that 
electric charges that are fractions of the charge of an electron. Quarks 
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2. "Detection and Enrichment of Fractionally Charged Particles in Matter", 
C.D. Hendricks, LLL and G. Zweig, LANL, DOE Advanced Energy Projects 24 and 
25, DOE/ER-0150, U.S. Department of Energy, Division of Advanced Energy 
Projects, Office of Energy Research, Washington, DC 20545. 
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ANTIMATTER PROPULSION 



D. F. DIPPREY, JPL TM 33-722 (1975) 















MATTER-ANTIMATTER PROPULSION (NOZZLE DESIGN) 
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Letter from S. van der Meer, CERN (28 April 1983). 
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10 GW SPS CAN PROVIDE p FOR 17 LAUNCHES/YEAR 

1 TW ANTIPROTON "FACTORY” COULD PRODUCE 
GRAM/DAY 










ANTIPROTON ANNIHILATION PROPULSION - PROBLEMS TO OVERCOME 
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EXTRACT ANTIPROTONS (e‘ BOMBARDMENT, E-FIELD EXTRACTION) 
REACT WITH NORMAL MATTER (HYDROGEN, HEAVY ATOMS) 
DIRECT INTO THRUST (MAGNETIC NOZZLE) 
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